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ABSTRACT
Daily trip chain complexity and type choices of low-income
residents are examined based on activity travel diary survey data
in Nanjing, China. Statistical tests reveal that non-work trip chain
complexity is distinctly distinct between low-income residents and
non-low-income residents. Low-income residents are inclined to
make simple non-work chains. Two types of econometric models,
a stereotype logit model and mixed logit model, are then
developed to investigate the possible explanatory variables
affecting their trip pattern. The number of stops within a chain
and chain types are considered as dependent variables, while
independent variables include household and personal
characteristics as well as land use variables. Results show that
once convenient and ﬂexible conditions are supplied, low-income
residents are more likely to make multiple activities in a trip chain.
Areas with high population and employment densities are
associated with complex work trip chains and more non-work
activity involvement.
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Introduction
In recent years, many researchers have preferred the use of trip chains as the basic unit of
behavioural analysis within an activity-based theoretical framework. Studies have exam-
ined how socioeconomics, travel characteristics and land use affect trip chains. Ma, Mitch-
ell, and Heppenstall (2014) analysed the role of socio-demographics and urban form on
workers’ trip chains in Beijing, China. Results showed that socio-demographics, commut-
ing time and urban form strongly correlate with tour decisions. Pitombo, Kawamoto, and
Sousa (2011) examined the relationships between socioeconomics, land use, activity par-
ticipation and trip chains. Using travel data collected in Shangyu, China, Yang et al. (2007)
found that members of dual-work households, ofﬁce workers or employees in service
trades, middle-aged or older workers, residents in the centre of the old city or a new dis-
trict, commuters using ﬂexible modes and workers with late work start or ending times are
more likely to make complex commute trip chains. However, these researchers focused on
the whole population in a city. Little attention has been paid to the subpopulation of
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low-income residents. Because of economic constraints, the life quality of low-income resi-
dents is usually unsatisfactory, and their daily travel needs often cannot be met.
The widening income gaps among different social classes in China will cause challenges
for transport policy; low-income residents are more likely to have restricted mobility.
Nevertheless, existing studies on how income inﬂuences trip chains have not reached
any consensus. According to the research conducted by Ma, Mitchell, and Heppenstall
(2014), Ye, Pendyala, and Gottardi (2007), Bhat (1997), Chu (2003) and Xian-Yu et al.
(2011), higher income residents had a higher propensity to make complicated work
tours. Commuters from low-income households were relatively less likely to participate
in non-work activities than those from high-income households. On the contrary,
Wallace, Barnes, and Scott (2000) concluded that households with higher incomes had
a lower propensity to chain trips. Yang et al. (2007), Li et al. (2013), and Schmocker,
Su, and Noland (2010) concluded that the income variable did not signiﬁcantly impact
an individual’s choice among different trip chains.
With the above background in mind, the aim of this study is to explore low-income
residents’ daily trip chain patterns. In particular, the study includes the following tasks:
(1) to ﬁnd out whether there are trip chain pattern differences between low-income resi-
dents and non-low-income residents; (2) to investigate the possible explanatory variables
that might contribute to trip chain complexity and type choice of low-income residents;
and (3) to put forward some policy implications to improve low-income residents’
mobility.
Data collection and processing
Data source
A household travel diary survey was conducted in Nanjing, China, by the Nanjing Institute
of City and Transport Planning on a typical weekday (Wednesday, 30 October 2013). The
survey included two parts: (1) household and individual characteristics, including annual
household income and household size; and (2) travel information for all trips made during
the day. A total of 6000 questionnaires were assigned randomly to residents in trafﬁc
analysis zones (TAZs) in accordance with their population. Taking a whole household
as a unit, a face-to-face interview was adopted for the survey to record all activities invol-
ving travel details for all individuals above six years old in the household. Totally, 5504
completed surveys were ﬁnally obtained after data selection. The annual household
income distribution of the survey respondents is shown in Table 1.
Data processing
The International Poverty Line Standard proposed by the Organization for Economic
Cooperation and Development is utilized to classify the sample into a low-income
subset and a non-low-income subset. The standard deﬁnes the poverty rate as a level of
Table 1. Annual household income distribution of the survey data (Unit: 1000 Chinese Yuan).
Household income <10 10–20 20–50 50–100 100–150 150–200 >200 Total
Percentage 1.5% 1.5% 12.8% 40.8% 26.5% 12.0% 4.8% 100%
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income at 50% of the regional median disposable income per capita (Mok 1993). Accord-
ing to this deﬁnition, the poverty line of Nanjing City in 2013 was 20,000 Chinese Yuan
per person. The disposable income per capita was determined by dividing household size
of the family by the annual household income. Finally, 1722 low-income individuals and
3782 non-low-income individuals were identiﬁed in the survey data.
In this study, the daily trip chain refers to a sequence of trips that begin at home, that
involve visits to one or more other places and end at home at the end of the day. A trip
chain-level data set was formed by aggregating the trip data set; 5504 valid daily trip chains
with six major types were extracted from the survey data. The descriptions of these chains
are described as follows, where ‘h’ denotes home, ‘w’ denotes a work-related activity (work,
school) and ‘o’ refers to a non-work-related activity (maintenance, leisure, etc.):
hwh: there is one work activity during a day. This type of chain contains only a simple com-
muting activity stop.
hwhwh: there are two work activities during a day. This type of chain contains a mid-trip that
returns home. There are no non-commuting activity stops.
hwh+o: there are two types of activities during a day. This type of chain is a combination of a
simple work chain with at least one non-commuting activity stop.
hoh: there is only one non-work activity during a day. This type of chain contains only a
simple non-commuting activity stop.
hohoh: there are two non-work activities during a day. This type contains two non-commut-
ing trips with a mid-trip that returns home.
hoh+o: this type of chain contains at least two non-commuting stops. It has no mid-tours
that return home.
‘hwh’, ‘hwhwh’ and ‘hwh+o’ are work-related chains and others are non-work-related
chains. In addition, each chain is classiﬁed as a simple or complex chain depending on
whether it has one intermediate stop or more than one intermediate stop within the
chain. Trip chain mode is deﬁned as the trip mode if the mode is used in a simple
chain or the dominant trip mode (most frequently used) in a complex trip chain.
Socioeconomics and travel characteristics of these samples are shown in Table 2. As
expected, low-income samples contain a higher proportion of elderly residents and
their education levels are lower, with most respondents retired and unemployed. Low-
income households are larger, with 40.1% having more than three persons. As expected,
low-income samples without cars are substantially higher. This may be reﬂective of a lower
capability to access goods and services. More low-income residents (41.4%) live outside
the city centre where public transit is not adequately served.
On average, low-income residentsmake 2.49 trips per day compared to 2.58 trips by non-
low-income residents. Trip chains of low-income residents are dominated by non-motor-
ized modes, such as bicycles andmopeds, at 61.7%. Non-low-income residents make 76.6%
work-related chains per day while their counterparts make fewer at 65.1%. Low-income
residents have a comparable but slightly higher percentage of simple chain choices.
Methodology
Pearson’s Chi-squared test
The Pearson’s chi-squared test (x2) is a statistical test applied to sets of categorical data to
evaluate how likely it is that any observed difference between the sets arose by chance. The
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method is used in this study to test whether signiﬁcant differences of daily trip chain
pattern exist between income groups.
An observation consists of the value of a trip chain characteristic and its corresponding
income group. The null hypothesis is that the occurrence of trip chain complexity and type
choice is independent of income. If there are r rows and c columns in the contingency
table, the value of the test-statistic is
x2 =
∑r
i=1
∑c
j=1
(Oi,j − Ei,j)2
Ei,j
, (1)
where Oi,j is the observed frequency; Ei,j is the expected frequency. A chi-squared prob-
ability of less than or equal to .05 is commonly interpreted as justiﬁcation for rejecting
the null hypothesis that daily trip chain patterns and income are statistically independent,
which means there exist pattern differences between groups.
Stereotype logit model
Daily trip chain complexity is represented by the number of stops in a chain. At ﬁrst sight,
an ordered logit model is an appropriate way to handle this problem. However, the test of
the proportional odds assumption suggests that this form of logit model is not appropriate
given the data from the Nanjing travel survey. In this study, another ordinal model, the
Table 2. Socioeconomics and travel characteristics of samples in the survey.
Characteristic Total sample Low income Non-low income
Sample size 5504 1722 3782
Age
20–59 74.0% 68.7% 76.4%
<20 12.4% 11.4% 12.8%
≥60 13.6% 19.9% 10.8%
Occupation
student, employee 60.3% 53.0% 63.6%
self-employed 7.6% 9.1% 7.0%
retired, unemployed 32.0% 37.9% 29.4%
Education
high school or lower 55.2% 66.6% 50.1%
college or higher 44.8% 33.4% 49.9%
Household size
≤3 77.7% 59.9% 85.7%
>3 22.3% 40.1% 14.3%
Car ownership
no 46.9% 60.1% 40.9%
yes 53.1% 39.9% 59.1%
Residential location
city centre 70.0% 58.6% 75.2%
sub-centre 18.7% 22.2% 17.0%
periphery 11.3% 19.2% 7.8%
Trips/day 2.57 2.49 2.58
Trip chain mode
non-motorized 56.6% 61.7% 54.3%
transit 22.5% 20.7% 23.3%
car 20.9% 17.6% 22.4%
Trip chain category
Work-related 73.0% 65.1% 76.6%
Non-work related 27.0% 34.9% 23.4%
Simple 71.5% 72.1% 71.2%
Complex 28.5% 27.9% 28.8%
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stereotype logit model (SLM), which relaxes this assumption, is developed to model chain
complexity (Anderson 1984). The method has been widely utilized in sociology, ecology
and medical science (Ananth and Kleinbaum 1997; Antoine and Frank 2000; Fullerton
2009) to estimate ordinal responses. However, few researchers in transportation appear
to have used this method.
SLM is a compromise between allowing coefﬁcients for each independent variable to
vary by outcome as is the case with multinomial logit model and restricting coefﬁcients
to be identical across all outcomes as is the case with the ordered logit model. The
model is deﬁned as:
Pr (yi = s|xi1 . . . xip) =
exp b0s − fs
∑p
j=1 xijbj
( )
∑k
t=1 exp b0t − ft
∑p
j=1 xijbj
( ) , (2)
where bs are coefﬁcients associated with independent variables and fs are scale factors
that mediate the effects of xs. In SLM, bs no longer differ among different levels of out-
comes. The combination that best discriminates between dependent variables is given
by
∑p
j=1
xijbj and the distance between outcome levels is given by the f parameter.
Constraints of fk = 0 and f1 = 1 are set to make the model identiﬁable. If the relation-
ship among outcomes is ordinal, then f1 ≥ f2 ≥ . . .fk.
Mixed logit model
This study would also like to estimate impacts of explanatory variables on the choice of
trip chain types. Intuitively, it is not likely to assume coefﬁcients of explanatory variables
to be the same across individual decision-makers. Moreover, the Small Hsiao test shows
that the outcome of chain types violates the independence of irrelevant alternatives
(IIA) assumption, indicating the random error terms are not independently and identi-
cally distributed. To accommodate individual taste variations and the IIA property relax-
ation, a random-parameter mixed logit model is applied in this paper.
The random-parameter mixed logit model allows coefﬁcients b to be random variables,
whose distributions are described by a set of parameters h. Let f (b|h) denote the prob-
ability density function of b for a given set of h. The total choice probability of alternative
j for an individual n in a random-parameter mixed logit model, denoted as Prn(j), can then
be calculated by integrating the conditional probability over the distribution of random
variables b (Hensher and Greene 2003), as follows:
Pr
n
(j) =
exp (Vnj |b)∑
i[I exp (V
n
j |b)
( )
f (b|h)db. (3)
The goal of model estimation is to identify distributions of random coefﬁcients b that
maximize the likelihood value. In this study, random coefﬁcients b are assumed to be nor-
mally distributed. This is a widely used assumption and is expected to be reasonable for
individual trip chain type choice behaviours.
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Results
Testing for trip chain pattern differences
Pearson’s chi-squared test is utilized to determine whether signiﬁcant differences of daily
trip chain pattern exist between income groups. Results show that the expected frequency
in any cell is over 5, indicating the data are sufﬁcient to perform the test. Table 3 examines
the association between work-related chain/non-work-related chain complexity and
income, respectively. It is found that no signiﬁcant difference occurs between the low-
income sample and non-low-income sample on the number of stops within a work trip
chain. Nevertheless, non-work trip chain complexity is strongly distinct between
income groups. Low-income residents are inclined to make simple non-work chains
with the proportion of 64.4%, compared to 55.7% for non-low-income residents.
A strong difference appears in trip chain type choices between income groups. An
examination of the percentages in the table indicates that about 60% of non-low-
income individual chains involve the ‘hwh’ type as the primary trip chain. This value is
considerably lower at 50% for low-income residents. Moreover, the low-income sample
is prone to make the ‘hoh’ chain; the percentage is 9.5% higher than the non-low-
income sample.
Stereotype logit model estimation for trip chain complexity
The natural log transformation of population density and employment density (continu-
ous variables) is applied to make their distributions more symmetric and to mitigate the
potential problem of heteroskedasticity. Estimation results are shown in Table 4. Only
variables that are signiﬁcant in at least one model are included. Scaling parameters
Table 3. Chi-squared test results of work and non-work trip chain pattern against income groups.
Variable Low-income group Non-low-income group Pearson x2 Sig.
Testing for work-related trip chain complexity
Sample size 1121 2898
Trip chain complexity 1.226 0.747
1 stop 76.2% 75.9%
2 stops 5.0% 4.5%
3 stops 15.8% 16.8%
4+ stops 3.0% 2.8%
Testing for non-work-related trip chain complexity
Sample size 601 884
Trip chain complexity 11.378 0.010
1 stop 64.4% 55.7%
2 stops 6.7% 8.4%
3 stops 22.8% 27.9%
4+ stops 6.2% 8.0%
Testing for trip chain type choices
Sample size 1722 3782
Trip chain type 107.087 0.000
hwh 49.6% 58.2%
hwhwh 5.3% 4.0%
hwh+o 10.2% 14.4%
hoh 22.5% 13.0%
hohoh 7.9% 6.3%
hoh+o 4.5% 4.1%
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follow the order of f1 ≥ f2 ≥ f3 ≥ f4, implying latent ordinal relationship of complex-
ity outcomes.
In the work trip chain model, the coefﬁcient for a female-headed household is statisti-
cally signiﬁcant and negative. This lends credence to the hypothesis that the need to make
a complex chain is likely to decrease compared to individuals who report male-headed
households. The reason might be that female heads undertake more family obligations,
such as picking up children or grocery shopping. This is consistent with the gender vari-
able, which indicates that females tend to make more complex work chains. Low-income
residents from large families (more than three persons) are more likely to make fewer
stops within trip chains.
Households with cars appear more inclined to make complex trip chains, a ﬁnding con-
sistent with Wu and Ye (2008), presumably because the convenience and ﬂexibility of the
car tends to attract commuters to undertake multiple activities. Moped ownership also has
positive effects on chain complexity for their convenience and low travel costs. Residents
under 20 years of age are prone to make less complex chains because this group is charac-
terized by students, who seldom make additional stops within a work (namely school) trip
chain. Residents aged over 60 are more likely to make complex chains due to their ﬂexible
work schedules and more household responsibilities. When using transit to travel, low-
income commuters choose simple work chains more often, as evidenced by the negative
coefﬁcient. It results from the fact that the inﬂexibility of transit is unable to cater to com-
muters’ multiple needs in a chain.
The modelling also shows that land use variables, population density and employment
density at residence, have signiﬁcantly positive effects on work trip chain complexity. Low-
Table 4. Stereotype logit models for trip chain complexity.
Variable
Work trip chain model Non-work trip chain model
Parameter t-stat Parameter t-stat
Female-headed household: Yes −0.820 −2.93 −0.720 −1.96
Household size: >3 −1.006 −3.57 / /
Car ownership: Yes 1.018 3.11 / /
Moped ownership : Yes 0.459 1.77 / /
Gender: Female 0.782 3.19 1.016 2.46
Age (20–59)
<20 −1.306 −2.77 / /
≥60 1.294 1.96 / /
Public transit card holder: Yes /a / 1.587 2.65
Driving license holder: Yes / / 1.415 3.21
Trip chain mode (non-motorized)
transit −1.767 −3.52 −0.908 −1.69
car / / / /
Population density at residenceb 0.132 2.12 0.716 3.64
Employment density at residenceb 0.285 2.04 / /
f1 1.000 1.000
f2 0.390 0.764
f3 0.310 0.600
f4 0.000 0.000
Log likelihood at convergence −784.312 −545.832
Wald chi2 30.74 35.20
Prob > chi2 0.001 0.000
Note: 4+ stops is set as the reference category.
a‘/’ indicates the variable is not statistically signiﬁcant at a 90% signiﬁcance level.
bDensity variables are continuous with the unit of 1000 persons/km2, based on TAZ.
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income residents from TAZs with higher densities tend to choose complex trip chains.
This is reasonable because these areas usually offer more recreational and shopping oppor-
tunities, making it convenient to arrange multiple activities. This ﬁnding is similar to
research ﬁndings by Yang et al. (2007), where tour pattern choices were modelled in
Shangyu, China.
Estimation results for non-work trip chain complexity are provided in the right-hand
side of Table 4. All the signiﬁcant coefﬁcients take the same sign with the work trip chain
model. It is found that female-headed households have negative impacts on non-work
chain complexity. The coefﬁcient associated with females is positive and statistically sig-
niﬁcant. It is possible that females share more family responsibilities. In addition, residents
with driving licenses tend to take more activities in a non-work chain. Neighbourhoods
with high population density encourage complex chains, as evidenced by the positive
effect.
It is interesting to ﬁnd that public transit card ownership plays an important role in
inﬂuencing non-work trip chain complexity. Even though the transit mode has a negative
impact on complexity, residents with a public transit card are involved with complex non-
work trip chains, presumably due to the ﬂexible schedule to arrange daily non-work trip
chains. Low-income residents are less concerned about the inﬂexibility of transit when
conducting non-work activities. The policy of fare discounts using the transit card in
Nanjing may also help. This is consistent with expectations because low-income residents
are sensitive to travel cost. When ticket price is reduced, they have more preferences to
make additional stops.
Mixed logit model estimation for trip chain type choice
The previous section has shown that daily trip chain type choices between income groups
are signiﬁcantly different. In this section, a random-parameter mixed logit model is devel-
oped to investigate impacts of household and person characteristics and land use patterns
on trip chain type choices. In the modelling process, variables not signiﬁcantly related to
outcomes are excluded. The best estimation results are shown in Table 5. In the model,
only one b coefﬁcient is found to be a random parameter – the coefﬁcient of population
density at place of residence. Its standard deviation is statistically signiﬁcant.
The household head dummy variable shows negative effects on probabilities of
‘hwhwh’, ‘hwh+o’ and ‘hoh+o’ trip chains. This suggests that residents from female-
headed households prefer to choose ‘hwh’. The reason is that females undertake many
family obligations, reducing other members’ non-work activity participation. This is
further supported by the positive sign of the gender variable. Females have more prefer-
ences for ‘hwh+o’, ‘hoh’ and ‘hoh+o’ types. This ﬁnding is consistent with trip chain com-
plexity model results.
The occupation variable is positively associated with non-work trip chain type choice,
presumably because self-employed, retired and unemployed residents have no ﬁxed work
schedules and are more likely to participate in recreational and maintenance activities. Age
is found to have opposite inﬂuences on chain type choices. Trip chain making by the
elderly is more likely to be involved with non-work activities while younger residents par-
ticipate more in work activities, possibly due to older people’s more free time and share of
8 L. CHENG ET AL.
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Table 5. Mixed logit model for trip chain type choices.
Variable
hwhwh hwh+o hoh hohoh hoh+o
Parameter t-stat Parameter t-stat Parameter t-stat Parameter t-stat Parameter t-stat
Constant −6.762 −2.85 −3.782 −1.81 −3.055 −3.39 −9.755 −3.47 −7.268 −4.06
Female-headed household: Yes −0.805 −1.71 −1.427 −2.21 / / / / −1.017 −2.30
Household size: >3 −0.939 −2.14 −1.365 −2.35 / / / / / /
Car ownership: Yes 1.096 2.41 1.461 2.23 / / / / / /
Moped ownership : Yes 1.158 2.12 / / 0.479 2.02 / / / /
Gender: Female /a / 2.114 2.70 0.716 3.03 / / 1.857 3.81
Occupation (student, employee)
self-employed / / / / 1.310 3.76 / / 1.993 2.85
retired, unemployed / / / / 3.503 13.06 5.803 4.57 2.776 4.99
Age (20–59)
<20 / / −4.538 −2.88 −1.840 −2.90 / / / /
≥60 / / / / 2.706 7.30 2.911 4.59 3.566 6.15
Public transit card holder: Yes / / / / / / 1.832 2.40 / /
Tour mode (non-motorized)
transit −4.182 −3.43 / / / / / / / /
car −2.169 −3.21 / / / / / / / /
Education: College or higher / / / / −1.578 −6.48 −2.182 −3.64 −1.637 −3.39
Population density at residenceb,c 0.244 1.85 0.314 1.98 / / 0.424 2.65 0.608 3.34
(0.14) (0.28) (0.32) (0.54)
Employment density at residenceb / / / / / / 0.604 1.70 0.411 1.86
Log likelihood at convergence −1619.22
Likelihood ratio chi2 57.16
Prob>chi2 0.000
a‘/’ indicates the variable is not statistically signiﬁcant at a 90% signiﬁcance level.
bDensity variables are continuous with the unit of 1000 persons/km2, based on TAZ.
cPopulation density at residence is random parameters in the ﬁnal model speciﬁcation. The number outside the parenthesis is the estimated mean of the parameter, and the number inside the
parenthesis is the estimated standard deviation.
d‘hwh’ is set as the reference category.
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family obligations. Elderly residents in China are usually responsible for grocery shopping
and escorting children when young parents are out to work.
Where a family is large, residents tend to carry out fewer complex trip chains, such as
‘hwhwh’ and ‘hwh+o’. This result possesses similarities with complexity model results.
Flexible and convenient modes such as car and moped encourage residents to make
more activities within work trip chains. Residents with higher education levels are more
likely to occupy ﬁxed schedule jobs, thus reducing non-work chains. This is further evi-
denced by the occupation variable estimation.
When the trip chain is dominated by transit, ‘hwhwh’ tours are less likely to occur due
to the inconvenience to chain activities. Interestingly, residents having the public transit
card have a higher propensity to take ‘hohoh’ chains. It is also concluded that low-
income residents undertake ‘hwhwh’ chains more often by non-motorized modes from
mode variables.
The positive coefﬁcient of population density variable and its standard deviation show
that areas with a high population density are associated with complex work trip chains and
more non-work activities participation. Residences with a high population density usually
offer good living facilities, thus their residents are more likely to take recreational and
leisure stops in a daily trip chain. In terms of employment density, the variable takes
the positive sign of ‘hohoh’ and ‘hoh+o’ types. This is behaviourally sound since residents
are more likely to access retail and service opportunities in areas with a concentration of
commercial land uses, including companies and ofﬁces.
Conclusions
This study has analysed the daily trip chain pattern and its possible explanatory variables
for low-income urban residents using data collected in Nanjing, China. First, the paper
investigated the question whether there are differences in daily tip chain patterns
between low-income residents and non-low-income residents. According to the results,
a clear distinction appears in trip chain type choice behaviour. Low-income residents
are more occupied with daily non-work trip chains. In terms of trip chain complexity,
no signiﬁcant differences occur on work trip chain complexity; however, their non-
work trip chain complexity is simpler than non-low-income residents.
We then examined the impacts of contributing factors on trip chain complexity and
type choices. An SLM was estimated to analyse the work trip chain and non-work trip
chain. It was found that when residents are facing convenient and ﬂexible conditions,
their trip chains appear to be complex. For example, residents from households with ﬂex-
ible transport facilities (car or moped) show a higher propensity to make additional activi-
ties within a work trip chain. Residents with driving licenses or public transit cards are
associated with complex non-work trip chains.
The random-parameter mixed logit model results indicated that household and person
characteristics exert signiﬁcant effects on low-income residents’ daily trip chains. Resi-
dents in female-headed households report fewer non-work activity participation. The
self-employed, retired and unemployed have more preferences to undertake non-work
trip chains. When work chains are dominated by public transit, residents show less will-
ingness to conduct multiple activities.
10 L. CHENG ET AL.
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 O
f M
ary
lan
d]
 at
 18
:00
 31
 M
arc
h 2
01
6 
Public transit usage serves as impediments to trip chaining as it is generally more bur-
densome to undertake multiple-stop chains using public transportation where travellers
are constrained by routes, schedules and access/egress issues. However, when low-
income residents own a public transit card, they will be prone to make additional stops
in a non-work trip chain. This ﬁnding has important implications for policy-makers to
improve low-income residents’ mobility and for public transit service providers to
attract riders. It is likely that public transport agencies will implement measures to increase
transit card ownership, such as free processing fees when low-income residents apply and
a higher fare discount when they use their cards.
It is important to emphasize that land use pattern has a pronounced impact on daily
trip chain complexity and type choices. Those living in areas with high population
density and employment density at residence choose to make additional activities more
often. Therefore, it has important implications for policy-makers in China to consider
relocation of settlements in the planning of new housing for low-income residents. Cen-
tralized arrangements rather than sparse relocations are recommended from the view of
improving mobility. More importantly, mixed land use developments and multi-
purpose activity centres should also be promoted so that low-income residents are able
to fulﬁl a variety of activities in a trip chain.
The ﬂexible and convenient moped mode might encourage low-income residents to
make additional stops in a chain. Thus, building well-equipped facilities for moped
users will ease their travel difﬁculties and enhance their mobility. However, most transpor-
tation planning projects in China nowadays focus solely on building more highways or
widening roads to cater for car-dependents’ needs, in other words, richer residents’
needs. More attention and efforts should be devoted to walking and bicycles for transpor-
tation equality as low-income residents mainly depend on non-motorized modes to travel.
However, there are some limitations in the present study. For example, we assumed that
the random coefﬁcients in the mixed logit model were normally distributed. Other distri-
butions, such as lognormal, uniform and triangular distributions could be adopted in the
model speciﬁcation to compare the simulation results. Besides, the latent variable under-
lying population density and employment density is possibly accessibility, which makes
the difference. Accessibility is found to affect residents’ activity travel signiﬁcantly and
can be measured by travel time and utility of choice situation (cf. Srinivasan and Roger
2005; Zegras and Srinivasan 2007). Thus, it will be necessary to quantify accessibility
and evaluate how it inﬂuences residents’ trip chain pattern in a future study.
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